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Abstract 

A lull scale engine wing shielding Investiga- 
tion was conducted ct the Lewis Research Center 
using a 97,900-N <22,000 lb) tlirust turbofan engine 
and a simulated wing section sized around a 
convcntlonol-takc-off typo four-engine narrow body 
airplane. Sound data were obtained for the wing 
placed at sevot positions In a plane parallel to 
tho engine axis, and wore compared to data obtained 
without the wing at both take off and approach 
power. In addition the engine was operated with 
and without extensive acoustic treatment Including 
a sonic inlot In order to evaluate wing shielding 
cffcctlvcnces with n highly suppressed engine. The 
wing shielding effectiveness wss also calibrated 
using an 3.8 cm dlam air nozzle as a sound source. 
Results Indicated that even though about 10 dB 
broad bond shielding was achieved, the equivalent 
flyover noise reduction was less than 3.0 EPNdB for 
most configurations. 


Introduction 

Some current CTOL aircraft have the engines 
located on the fuselage in a plane above the wing. 
Future aircraft may have their engines mounted on 
and above the wing proper. The wing In either ease 
can act as a sound reflector and redirect Che en- 
gine sound skyward thus shielding tho engine noise 
from the ground during takeoff and approach. Wing 
shielding can thus offer a reduction In flyover 
noise without die attendant expense and performance 
loss Involved in conventional acoustic suppress) Ion 
me thods . 

Experimental work to evaluate the effective- 
ness of wing shielding has been done, but mostly 
with small scale Jet nozzles in powered lift inves- 
tigations. Tlio results, with nozzles of 5 and 33 
cm in diameter. Indicated that up to 10 Perceived 
Noise decibels (PNdl!) of shielding effectiveness 
may be realized. However, a series of flyover 
tests^ conducted on two different models of tho 
same trl-jet airplane (B727) indicated thou a 
10 PNdD wing shielding benefit may result In prac- 
tically no change In effective perceived noise 
level (EPNL) . This occurs for this particulor air- 
plane due to the narrow shielded angle that tlie 
wing produces in relation to the engine inlets witli 
the result that the time duration of the flyover 
signal Is not reduced. Another full scale wing 
shielding investigation was reported^ which pre- 
sented design charts for nozzle shielding where the 
nozzle was within one dlomoter of the wing's sur- 
face. It should be noted that In most airplane in- 
sLallatlons it is iispossible to shield boClt the In- 
let and exlraust of the engine with tiic wing. 

A full scale single engine wing shielding In- 
vestigation was conducted at tlic Lewis Research 
Center using a 97,900-N (22,000 lb) thrust turbofnn 
engine and a clmuloted wing section sized around a 
conventionol- take-off type four-engine narrow body 
airplane, Sound data wore obtained for tlie wing 


pltcod at seven positions In a plane parallel to 
tlie engine axis. Comparisons of noise measurements 
mode on tho engine alone with tliosc )]f each wing 
position at both takeoff and opproach power sot- 
tings are presented herein. Thu results, though 
static tests, should bo credible and indicate 
directly the effect of wing shielding on the air- 
plane flyover noise, Results from Ref. 3 indicated 
that as long as no flow surface Interaction occurs 
tiiaC effects of forward velocity on noise shielding 
arc minimal. In addition the engine was operated 
with ond without extensive acoustic treatment in- 
cluding 0 sonic inlet as described in Kef. It in 
order to cvaluotc this effect on wing shiolding. 

Tho wing shielding effectiveness was also cal- 
ibrated using a 3.8 cm diam air nozzle as a sound 
source. The purpose was to compare the shiolding 
using a single, concentrated, higli intensity noise 
source with the results from a large distributed 
source, such as the turbofan engine used In this 
investigation, 


EoBine. Hing, ond Test Facility 

Wins 

Since tho full scale high bypass engine (Quiet 
Engine "C") used for the experiment existed, the 
wing size had to be sealed to the engine. A four- 
engine narrow body transport of the DC-8 or B707 
class was aclected as a model because a study^ con- 
ducted by the McDonncll-Douglos Aircraft Company 
Indicated that retrofitting the DC8-61 with this 
engine was mechanically and aerodynamical ly viable. 
So a wing section from a DC-8 airplane could pro- 
vide a reasonable full scale model. Wing dimen- 
sions of both tlie DC-8 and Booing 707 (military 
KC-135) were taken from Ref. 6. The two wings were 
so similar In size tluit one mockup would simulate 
both. When the area was divided by the span a meon 
aerodynamic chord of b.lt m (21 ft) was calculated, 

.An average thickness of 12 percent or 0.76 m (30 In.) 
was somewhat arbitrarily chosen. For experimental 
simplicity 0 constant cliord was also chosen. It 
was believed til at 7.3 m (26 ft) of span would be 
adequate for tho experiment. 

The wing was mounted on u movable dolly such 
that Its fore and aft position could be readily 
changed. The closest practical spacing between the 
engine ond wing centers was 3.2 m (10.5 ft). The 
actual arrangement of the engine and wing as tested 
l.s shown .’’I rig. 1. Tlio engine Is shown with bell- 
n)Quth InluL. 

Simulating tlio acoustical transmission pro- 
perties of a real v'lng was impossible ond a real 
wing for the test was also not available. There- 
fore, the only property used for the mockup was the 
weight per unit of projected area. From Ref. 7 a 
target of 80 kg/m^ was chosen. 

A cross section of the wing showing the type 
of construction is given In Fig. 2. The wing was 


alnply conscrucCctl of triangles and roctanglca 
since no air was Co flow over It. It was bUlc 
with steel plates and plywood and fastened to a 
strueturo) steel framework. Tlio finished overogo 
weight of the wing was 80.5 kg/m^ (16,6 Ib/ft^), 


Engine and Facility 

flic engine used In tlic Investigation was des- 
ignated Quiet Englnc-C, It was o high bypass (5il) 
Curbofan engine which devo loped 97,900 N (2Z,000 lb) 
of tlirust at takeoff power. It used a single stage 
fan wUli no Inlet guide vanes or damping shrouds. 

The fan was considered to be of lilgl. tip speed de- 
sign, A77 m/sec (1565 Ips), As slio\.m In Fig 1 the 
inlet was fitted with a bellmouth and contained no 
acoustic treatment. The fan extiaust duct was of 
medium length and It contained no acoustic treat- 
ment, For part of the Investigation, tlic engine 
was equipped with sonic Inlets and massive aft fan 
suppression treatment as described In Ref. A, A 
photograph of this conf Igurotlon Is shown wltliout 
the wing In Fig. 3. The contour of the takeoff 
sonic Inlet Is shown in Fig, A and both the frame 
treatment configuration and the fully suppressed 
oonf Igurotlon are detailed In Fig. 5. The frorac 
treatment configuration consisted of acoustic treat- 
ment In the fun frame and core compressor Inlet 
passages witi) an untreated cylindrical Inlet and 
untreated straight fan Cidiaunt duct. 

Tho engine wos mounted on a static thrust 
stand which Ijeld the engine A.l rn (13.5 ft) above 
tho ground. Tho engine stand was located in the 
center of a circular microphone orona. A plot plan 
of the arena Is shown In Fig. 6. Tlio microphone 
circle was A5.7 m (150 ft) radius with Its origin 
approximately at the engine center. 

All 17 of the microphone signals wore trons- 
mtttcd over low impedance lines to Individual ampli- 
fiers. The ompllfler outputs then fed Into two lA 
channel frequency modulated tape recorders, Tlie 
tapes were then replayed oft-Une Into a 1/3-octave 
band analyzer which digitized the signals over n 
A second averoge time. Tlio dlgltol signals wore 
recorded on tape and fed Into a comprehensive com- 
puting program using standardized procedures^ which 
produce! the results presented In this report. 

T.io microphone and amplifiers were pro-run and 
post-run callhratod with piston phones, Tlie accu- 
racy ol the measured sound pressure levels was 
±0,5 dU. 


Calibration Nozzle 

A single Jet nozzle 3.8 cm dlam was located on 
the center of the microphone circle In place of the 
engine. The nozzle (Fig. 7) was pointed upward to 
provide a circular noise directivity pottern to the 
microphones. Tlie nozzle discharge was located at 
the microphone horizontal plane. 

Air at 52A,000 n/ra^ (76 psl) gauge pressure at 
ambient temperature wos discharged through tho noz- 
zle. Thus the flow was "choked" to yield a noise 
source containing nearly white noise with a pure 
tone. 


A l/3-octuvc bond spectrum of tho noise sound 
pressuro level is sliown In Fig, 8. ‘llio overall 
sound proBBuro level (OASPh) monsured at the AS.7 m 
radius was about 103 dD. 


Procedure 

To obtain the shielding cfloctlveness over a 
wide rongo of wing positions tho wing was movtd to 
seven locations In a plane parallel to the ■•ngine 
axis. Tlio locations are defined by the placement 
of the O.A chord point of the wing, The positions 
are illustrated or, Fig, 9. There arc throe basic 
positions and the wing was simply moved ±3,05 m 
(10 ft) from tho basic forward ond oft positions to 
define the seven positions. The basic forward posi- 
tion was defined by a lino drawn from the center of 
Clio bellmouth Inlet through tho O.A chord point of 
Che wing to the 60° microphone, Tlie boslc side 
position was established by placing Che O.A chord 
point on the 90° microphone radius, The basic aft 
position was set by aligning the wing leading edge 
with the fan discharge plane, 

Noise mcasurcmcncs were made at each wing 
position while the engine was operated ot both 
takeoff and approach powers. Engine parameters at 
both power settings are given In Table I, Those 
data were taken from previous aerodynamic moasurc- 
ments mode on the engine In this facility. 


Results and Discussion 

Tho wing shielding effectiveness calibration 
with the small Jot nozzle will first bo presented 
in terras of 1/3-octovo band sound pressure level 
difference ('SPL), and then In terms of .'OASPL for 
vprious angles. The wing shielding cf fcctlvoncss 
la defined as the difference between the SI’I.'s 
(OASPL's or PNL's) measured with and without tho 
wing. 

The baseline engine charoctcrlstlcs without 
the wing are then discussed In terms of l/3-oocavo 
band SPL and perceived noise level (PNI.) directiv- 
ity at both approacl) and takeoff power. 

The wing shielding effectiveness with the en- 
gine la then presented) first with tho engine with 
frame treatment only, then with frnnie treatment and 
aft supprosBor and finally with the fully sup- 
pre.ssed engine (sonic Inlet ond aft si'ppressor) . 
Tliese results are presented in terms of 1/3-octave 
band /SPL ond IPNL. /SPL shielding effectiveness 
on tones is ol.so shown for the engine with frame 
reatment. Flyover time lustorfes for both take- 
off and approach conditions are discussed and ftnol- 
ly the Jet shielding configurations are compared to 
a jet shielding correlation.® 


Utrig Shielding Effectiveness Calibration 
with a Smoll Jot Nozzle 

Tho 1/3-ocCavc band shielding effectiveness Is 
presented In Fig. 10 for tho wing In a basic side 
position and for angles from 80° to 110° (measured 
from where the engine inlet would normally be If 
the engine wore Installed) wiilcn are in tlie wing's 
shadow. An average of S (IB of shielding was real- 
ized for frequencies from 315 to 2000 Hz. At fre- 
quencies above 2500 Hz the shielding, was greater, 
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roachins Viilucs above 20 dB ac fcequunclcB above 
12,500 llK. Inspection ol tho narrow bands showed 
that a tone did exist at 2500 l!a which was not 
shielded as well as the broad band nolsc^ At £rc- 
qucnclcs below 315 tin, there lu no evidence of 
shlcldlni;. In fact tlierc arc some positive values 
possibly caused by reflections of the low frequency 
waves from Instrumentation boxes and tlio truck cob. 
(sue Fig, 7) . 

Inspection of Fig. 11 showt! the angular extent 
of the '^ASPL wing ahloldlng for the wing in thruo 
basic positions. As might bu oxpccted tlie angular 
oxtent of the shielding Is much greater for the 
wing In a basic side position than for the wing in 
the other two positions, Tlio angular region wlioro 
the wing QUuniotrlcally siilelds tlic nocclc from the 
mlcroplu'ncs, the "shadow," subtends about twice ns 
grout nil angle (~100°) for the wing In the side 
position as for the wing in the other two positions. 

The avoruge wing sltlcldlng cffoctlvancss Is 
also greater for the wing In tlio side position 
(~12 dD) compared to the other two positions 
(~9.5 dB), The single compact noise source slilcld* 
Ing discussed In this section la much simpler thon 
the shielding of the engine which has throe major 
noise source locations wlilch span the length of the 
engine. Ttie •'olse characteristics of tho basic en- 
gine configurations ore discussed next, 


Baseline Engine ConClBuratlon Motse 
CharactorlsttCB , Without Wing 

Presented In Fig. 12 ore comparisons of front 
ond aft bosollno spectra at takeoff power for the 
three basic engine configurations without the wing. 
At 60° from tho Inlet (Fig, 12 (o)) tho spectra for 
tlio frame treatment and for the aft suppressor at 
tokcoff power are dominated by the forward radiated 
fan machinery noise, Tlic sonic Inlet configuration 
reduces these noise sources ,md forward radiated 
jet noise becomes dominant. 

At 120° from the inlet (Fig. 12(b)) tlie aft 
suppressor partially reduces the aft radiated Can 
mochinery noise from the fon nozclc but the fan 
machinery noise coming from the Inlet holds up the 
noise floor at the frequencies above 300 llz. Tlic 
sonic Inlet configuration ellmlnotos this noise 
source and tho core Jet noise becomes dominant. 

At approach power the dominant noises are some- 
what different from takeoff. At the front angle of 
60° (Fig. 13(a)) the blodo passing frequency (Bl’F) 
peek Is dominant. No meltlple pure tones (MPT's) 
exist at this lower fan speed because the tip rela- 
tive Mach number Is subsonic. The sonic inlet 
operated at approach power absorbs some front end 
noise. At the aft. angle of 120° (Fig. 13(b)) broad- 
band fan machinery noise and turbine noise are the 
main noise sources. The sonic Inlet at approach 
power did not reduce the oft noise below the aft 
suppressor configuration noise. 

Tlie PNL directivities on a 305 m sideline for 
the baseline configurations (without tho wing) arc 
presented in Fig. 14. At takeoff power (Fig. l4(o)) 
the configurations with frame treatment and aft 
suppressor have PNI. peaks of 104 and 105 PNdg at 
60°. Ttie . ft suppressor reduces the aft peak noise 
(120°) of the frame treatment configuration from 
102 to 97 PNdB, Adding the sonic inlet reduces the 


ORIGINAL PACiJU la 
OF POOR QUALITY 

front quadront noise at 60° to 89.5 dD leaving the 
aft peak noific at 120° which Is about 96 PNdB, At 
opproacli power (Fig, 14(b)) tho frame treatraent 
configuration has a front pook noise of 99 PNdB and 
a rear peak of about 102 PNdU. Tlio aft suppresoor 
coitfiguratlon cuts the roar peak nc‘ae down to 
about 97 PNdB while the front peak noise is about 
the same as for tho frame treatment. Tlio sonic In- 
let at approach power reduces tho front peak nolnc 
about 3 I’NdB while '.he oft peak noise remntnn about 
the same os for tliu apt suppressor, ns oxpecti-d. 


Wing aiilcldinB Results 

Engine with frame treatment . The wing shield- 
ing effectiveness on an SPL basis is presented In 
Fig. 13 for four wing positions; front forward, 
basic forward, basic side and basic aft. Only the 
microphones which are in tho "ahodow” of the wing 
are presented. Since the engine with frame treat- 
ment Is front noise dominated as shown corllcr the 
results for the forward wing locations show good 
shielding values. The average decrease In SPL duo 
to shielding (Fig, 15(a)) Is about 10 dB for fre- 
quencies between 2000 and 16,000 llz for onglos of 
30°, 40°, ond 50° from the engine Inlet, 

For tho basic forward wing position (Fig. 15(b)) 
the dccroasQ in 6PL due to shielding at 50° from 
the engine Inlot Is also about 10 dD (which Is max- 
imum) at frequencies above 1000 Itz. For the wing 
In the basic side position (Fig. 15(c)) neither the 
front nor the nft noise sources arc shielded by the 
wing and therefore, little noise reduction results. 
For tho wing in the oft position (Fig. 15(d)) the 
coro Jet and the fan exhaust are well shioldod hy 
tho wing ond the *8PL for three angles from tho 
engine Inlet (100°, 110°, and 120°) average about 
10 dB for frequencies above 3150 Ha. 

At approach power (Fig, 16) tho results arc 
about the same as for takeoff power. The basic 
side position offers little or no noise reduction 
and the front forward and nft positions yield noise 
reductions over 10 dl) at frequencies over 2000 llz. 

Shlulding effectiveness on a perceived nol.'ic 
bnsi.s is presented In Fig. 17, Generally the wing 
shielding Is more Impressive at takeoff power than 
at approach power for front shielding. Recall from 
Figs. 13 and 14 that the engine at takcoi f power Is 
front noise dominated while at approach power aft 
noise is more dominant. Shielding of front noise 
then should be more effective at; takeoff power 
since relatively lower aft noise would nor encroach 
on the front quadrant. This Is evident from 
Figs. .17 la) to (c). 

The maximum .'PNL ol 10 dB occurs at the 50° 
forward angle for the wing In front forward posi- 
tion at takeoff power. The angular extent of the 
shielding (about 60°) with the wing In the front 
forward position is greater chon for any other wing 
position tested. The shielding with the wing in 
the basic side position (Fig. 17(d)) Is negligible 
03 would be expected since neither the front or aft 
sources are well shielded. For tho aft shielding 
positions (Figs. 17(e) to (g)), basic oft Is the 
most effective. About 5 PNdB of shielding at take- 
off power Is shown for angles from 100 through 
120° (Fig. 17(f)). Approach power shielding is 
even more effective for the reason mentioned previ- 
ously. Approximately 9 PNdB of shielding Is accom- 


pllslictl at anglaa of 110® and 120® from the engine 
Inlet. Outatdo t‘'*e wlng'a shadow the .'.i’NL's ore 
ppaltlvo for the approach power condition. Reflee- 
tlons off the wing hack to tlie engine and thrust 
stand and thoneo to tlto far-fleld could cause this 
bciwivlor. 

The effect of wing shielding on tones Is pre- 
sented In Fig. 18. Tlie blade passing frequency 
(1250 |!z, l/3-octave bandwidth) at approach power 
and the largest amplitude multiple pure tone 
(500 Hz, 1/3-octavo bandwidth) at takeoff power 
were Bciectud for the wing In the basic and front 
forward positions. At takeoff power the MPT was 
reduced by about IS d& at ttie peak forward angle of 
50° from the engine inlet. At approach power, the 
peak forward BPF was reduced by about 1 1 dg at 50° 
from Che engine Inlet. 

Engine with aft suppressor . These results ore 
presented for tlie wing In the basic and front for- 
ward positions since the engine noise for the aft 
suppressor configuration Is front noise dominated. 
Shown in Fig. 19 are the wing shielding results at 
50° from the engine inlet for takeoff and approach 
power conditions on an SPL basis. The results, as 
expected are elmoat exactly the same as for the 
frame treatment eonflgurntlon (Figs, 15(a) and (b) 
and 16(a) and (b)). An average of about 10 dU re- 
duction Is achieved at takeoff power for frequen- 
cies above 500 llz and about 11 dl) above 1000 Hz for 
approach power. 

Likewise, the wing shielding results on a PNL 
basis for takeoff and approach power presented In 
Fig. 20 are .TlmouC the same as those presented In 
Figs. 17(a) and (b) for the frame treatment config- 
uration. A maximum forward peak angle .‘PNL equal 
to about 10 PNdD was ochleved at takeoff power. At 
approach power, tho PNL at the forward angle of 50° 
Is about 8 FNdB. The extent of tho wing shielding 
"shadow" Is about 60° for both wing positions at 
both power settings. 

Engine with sonic inlet and eft suppressor . 
Since this configuration was aft noise dominated 
(Fig. lA(a.)) at takeoff power by core Jet noise, 
wing shielding results arc presented for the wing 
In the three aft positions. On an SPL basis 
(Fig. 21), the wing shielding cffoctlvenosb was 
greatest at on angle of 80° for tho wing in the 
front aft position and 110° for tlie wing In tlte 
basic and back aft positions. Shielding varied 
from a nominal 2 dB at 200 llz to as much as 17 dB 
at 10,000 Hz for the wing In a basic and front aft 
position Those losses translated Into about 5 dB 
on a PNL basis (Fig. 22) for the basic and front 
aft wing positions and Into only about 3.5 dB for 
the wing In the back aft position. Table II sumran- 
rlzea the maximum wing sUloldlng In terms of PKdB 
for engine configurations and wing positions re- 
ported herein. The takeoff sonic inlet and aft 
suppressor configuration was not run at approach 
power with wing shielding and therefore, does not 
appear In tho tabic. 


Effect of Nlnn Shielding on Flyover Noise 

Tlicsc data were calculated from tho far field 
measured noise data assuming a four engine B707/DC8 
type of takeoff and approach. Tlie flyover parame- 
ters used In the calculations are sunimatizod in 
Table III. 


The tone corrected perceived noise level (PKI.T) 
results arc plotted as o function of time In rela- 
tion to an observer standing at either tho takeoff 
or approecli FAR 36 specified points, Shown In 
Fig. 23 la a comparison of tlie takeoff time histo- 
ries for the baseline (no wing) end the basic and 
front forward wing positions for the frame treatce 
engine. The effect of the wing slilelding was to 
lower the effective perceived noise level (EPNL) 
from IOA.2 to 102.7 KPNdll for the basic forward and 
to 101.9 EPNdn for the front forward positions at 
takeoff. At approach (Fig. 24), for the front for- 
ward wing position, the EPNL was reduced from 
101.3 EPNdB for the bnscllnc engine without wing to 
99.8 EPNdB. Nlth the wing In the basic forv.ird 
position, tho calculated EPNL actuolly Increased 
from 101,3 to 101.5 EPNdB. Tlte wing shielding was 
offcctlvo until the 0 second tlrat whore the peak 
PNLT actuolly increased and resulted in a slight 
Increase In the calculated EPNL. 

presented In Fig. 25 are time histories for 
the engine equipped with aft suppressors at takeoff. 
Without the wing the EPNL was 102.5 EPNdB. With 
tlie wing in either the basic or front forward posi- 
tion the EPNL was lowered by about 4 EPNdB. 

Shown In Fig. 26 ere time histories for the 
engine with aft suppressor and sonic Inlet, Tlie 
baseline EPNL without wing shielding is 94.5 EPNdB. 
With the wing In the aft positions shielding the 
jet noise of this very low noise configuration, the 
reductions In EPNL wore substantial, about 2.5 EPNdB. 
For tho front nft location of tho wing, the reduc- 
tion In EPNL was about 2 EPNdB. 

A tebulor prosentatlen of all the calculated 
time histories Is presented In Table IV. For tho 
engine with frame treatment and the wing located In 
its most favorable location for approach conditions, 
the maximum reduction In EPNL from the baseline was 
1.5 EPNdB. For takeoff conditions, the maximum re- 
duction ranged from 2.3 EPNdB for tho frame treat- 
ment configuration to 4.3 EPNdB for tho aft sup- 
pressor configuration, Ilio total EPNL reduction 
for the combined effect of shielding and engine 
suppression at takeoff power can be obtained by 
subtracting the EPNL for tho quietest configuration 
(Sonic Inlet and aft suppressor for the wing in tho 
basic aft position (91.8 EPNdB) from the baseline 
frame treatment configuration with no wing shield- 
ing (104.2 EPNdB) which equals 12.4 EPNdB. 


Jet Shielding ijorroLatlon 

For the sonic Inlet configuration at takeoff 
the dominant engine noise remaining was attributed 
to the core Jet. With the wing shielding this 
source, Che data were compared to tho Jot noise 
correlation developed In Ref. 9. The correlation 
parameter Z takes into account directivity, size 
of soutce (nozzle diameter), length of shield, and 
frequency. 

Presented in Fig. 27 arc data from directivity 
angles shielded by tho wing In Che basic aft posi- 
tion compared to tho correlation ropresenUed by Che 
solid line. As con bo seen, the data agree with 
tho correlation within ±3 dB. The agreement Is 
better at low values of Z, which correspond to 
low frequency, than at high values of Z. 
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Summary of Rosults 






RoforoncCB 


1, Collbraclon of Che wing shielding using 
small air nozslc as a sound source showed ChaC 
about 10 dIS of brood bond wing shielding effeotive* 
ness could be achieved in che shadow region. On an 
OtNSl'li basis the maximum suppress lo t amounCed Co 
obout 14 dB oc 90® from the engine Inlet with the 
wing in a side posici'on. 
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5. Aft shielding of the engine equipped with 
sonic inlet and aft suppressor (Jet noise dominated) 
at takeoff power produced about 5 PNdB of suppres- 
sion. The data generally agreed with tlie Jot nolso 
shielding correlation of Ref. 9. 
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"Geometry ConsidcrationB for Jot Noise Shield- 
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6. Flyover noise results showed a maximum 
1.5 EPNdD reduction was uchlovod by shloldliig the 
frame treated engine at approach. For takeoff, the 
maximum reduction was 2.7 to 4.3 EPNdli, depending 
on the engine configuration. 


Concluding Remarks 

The implications for CTOL wing shioLding arc 
tliot, since the wing chord is not sufficiently 
large in most cases to shield both ends of a turbo- 
fan engine. It would be a good compromise to acous- 
tically treat one ond of the engine and to shield 
the other ond. The effect of this has boon shown 
with the quietest configuration tested at takeoff 
power. The total reduction in flyover noise at 
takeoff power with the sonic inlet and aft suppres- 
sor configuration and the wing in the basic aft 
location was 12,4 EPNdn. Of this total noise re- 
duction wing shielding of the aft radiated Jot 
noise contributed 2.7 EPNdD. 


TABLE I. - QUIET ENGINE "C" OPERATING PARAMETERS 

,\ND ENGINE DIMENSIONS 

[Fan diom, m, 1.737; core discharge dlam, 
m, 0,747; fon discharge o.d., ra, 1.838; 
number of fan rotor blades, 26; number 
of fan exhaust guide vanes, 60.] 


Engine parameter 

Takeoff 

Approach 

Corrected fan speed, rpm 

4620 

3080 

Corrected core speed,® rpm 

8290 

7655 

Corrected total airflow, kg/stc 

358 

220 

Bypass ratio 

4,63 

5.24 

Corrected cote Jot velocity, m/sec 

362.7 

192.0 

Corrected fan Jet velocity, m/soc 

268,2 

167.6 

Fan bypass pressure ratio 

1.48 

1.18 

Corrected net thrust, N 

97,900 

37,380 

Engine pressure ratio 

3.96 

2.04 


‘’Corrected to fan core discharge 




TADIE II. - MAXIMUM WING SIIIEIOIKO EFFECTIVENESS IN TERMS OF PNdB 


Wing position 

Pwr. 

Engine configuration | 



■■■ 

' 





— 




Tvam trofltment 

Aft uupproesar 

Sonic Inlet and 








aft supprosBor 





'FKdB 


PNdB 

A® 

PNdB 

Front forward 

T.O, 

so 

-10 

r ' ^ 

60 

•10 



Basic forward 



30 60 

-9.5 

60 

-10.5 


' 

Rack forward 



70 

-6 





Basic side 



100 

-3 





Front aft 



100 

•A 



80 

-5 

Basic nft 



100 

-5 



110 

•»5 

Back aft 



110 

-1.5 

... _| 


110 

-3.5 

Front forward 

App, 

AO 

-9 

' 1 

50 

-8,5 



Basic forward 



AO and bO 

-8 

SO 

-8 



Back forward 



70 

-3.5 





Basic side 



80 and 90 

-3 





Front aft 



90 and 100 

-5 





Basic aft 



110 and 120 

-9 





Back aft 

J 

Lj 

lAO 

-3.5 






_ 


TABLE III. - FLYOVER CONUITtONS FOR D707/DC-8 TYPE AIRPUNE 
WITH A-105 newton'’ ENGINES 



Altitude, 

Airplane 

Thrust 

Average 

Airplane 


m 

velocity, 

m/sec 

onglo 

Jet 

velocity, 

m/scc 

gross 

weight, 

kg 

Takeoff 

A51 

72 

6° up 

330 

IA7.500 

Landing 

lOA 


3*’ down 

183 

102,000 


‘’Nominal soo level slaclc IhruaC 


TABLE IV, - COMPARISON OF EPNL FOR VARIOUS ENGINE 
AND WING CONFIGURATIONS 


(Four-engine DC-8 type airplane,. 


Engine with frame treatment 


Wind positions 

No 

wing 

Side 

Basic 

fwd 

Fronc“ 

fwd 

Back 

fwd 

Basic 

nft 

Front 

oft 

Dock 

aft 

T.O. 

App. 

IOA.2 

lOi.3 

103.8 

102.2 

102.7 

101.5 

101.9 

99.8 

104,7 

101.6 

103.4 

100.7 

o 
o o 

104.5 

101.0 


Aft suppressor 


Wing positions 

No 

wing 

Front® 

fwd 

Baaic 

fwd 

T-O. 

102.5 

98.2 

98.4 


Sonic inlet and aft suppressor 


Wing positions 

No 

wing 

Front 

aft 

BdsIc^ 

aft 

Back 

aft 

T.O. 

94,5 

92.7 

91.8 

92,1 


“Wing positions having greaceat wing shielding elfectlveness , 
G 
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Figure 1. - Quiet engine and wing as tested with bellmouth and engine 
frame treatment. 
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Figure 3. - Ouiet engine as tested with sonic inlet and aft suppressor. 
Wing not shown. 
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Figure 4. * Sonic Inlet showing the take*cf( contour and the 
static test lip utilized lor performance evaluation. 
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Figure 7. - Jet nozzle location relative to wing for wing calibration tests. 
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